Mankind was introduced to dental caries and degenerative diseases approximately 10,000 BC, when the diet changed as a result of moving from a hunter-gatherer to the agriculture life style. The same phenomena occurred when primitive people on primitive diets and basically free of dental caries and degenerative diseases were introduced to the modern diet. Current data generated by the US government in the NHANES study, show that dental caries in children precede degenerative diseases later in life. Other studies are finding some degenerative changes in adolescence. Thus, diet and dental caries should be given greater importance as they can be an indicator of the probability of future degenerative diseases.
Introduction
The paradigms of dentistry have evolved from G.V. Black's notion in the 1890's of viewing dentistry from a single tooth view point (a clean tooth is a healthy tooth); to management of the full mouth, e.g. fluoride applications to reduce the incidence of decay and later to re-mineralization of tooth structure; to caries seen as a disease of the mouth with a "medical model" promoted. Now, caries is seen as part of a group of diet related diseases, e.g. overweight, obesity, cardiovascular, cancer, and more [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Indeed caries may be the first and easiest sign to note of these impending degenerative diseases [12] .
Dental caries rate is an important indicator of lifestyle. If this life style leads to degenerative diseases, the dental caries may be reclassified as part of the degenerative disease(s) such as diabetes, heart disease, cancer. Further, dental caries may be an early indicator of other degenerative diseases, as dental caries usually appears before the other diseases and has a much shorter developmental time, i.e. months vs. years. Thus, diet counseling for dental caries reduction should be more vigorous than just reducing the amount and frequency of sugar and starch intake, and focus on the overall promotion of general health, which would include a diet that will reduce or prolong the onset of other degenerative diseases.
To begin to understand the relationship of dental caries to other degenerative diseases, the history of mankind, dental caries and degenerative diseases to diet will briefly be discussed, plus a series of observations that showed when the modern diet was introduced to primitive people degenerative diseases followed. Finally the state of health related to diet in the US will be shown from data of NHANES studies [13] .
Brief History of Mankind and Degenerative Diseases
Caries is an easily observable finding in human remains that are retrieved from archaeological excavations. These lesions remain indefinitely allowing inference along with other archaeological and ecological data the types of food that a specific population consumed, the type of cooking technology, the relative frequency of consumption and the way food was shared [14] .
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Skeletal remains show that height decreased by four inches from the Late Paleolithic to the early Neolithic period, brought about by poorer nutrition, and perhaps also by increased infectious disease causing growth stress, and possibly by some inbreeding in communities that were isolated. Signs of osteoporosis and anemia, which were almost non-existent in pre-Neolithic times, have been frequently noted in skeletal pathologies observed in the Neolithic peoples of the Middle East. It is known that certain kinds of osteoporosis which have been found in these skeletal remains are caused by anemia, and although the causes have not yet been determined exactly, the primary suspect is reduced levels of iron thought to have been caused by the stress of infectious diseases rather than dietary deficiency, although the latter remains a possibility [20] .
The gradual spread of agriculture throughout the Old and New Worlds in the Holocene, and the generally (but not universally) associated traits are an increase in population and in many cases a general decline in health and stature and the appearance of new nutritional disorders [21] . Thus, early in mankind's history the association of diet, dental caries and degenerative diseases is seen.
Since 1860 the importation of cane sugar caused impressive improvements in per-capita consumption [22] . In the 1840 decade England, USA and Canada had an approximate consumption of 30 lb/person. At the end of the century those amounts raised to around 80 lb in England, 60 lb in USA and 50 lbs in Canada [22, 23] . Today we are consuming an average of 150-170 lb of sugar per person [24] ! It has shown that consuming 75 to 100 grams of simple sugars (about 20 teaspoons of sugar -the amount found in two-and-a-half average 12 ounce cans of soda) can suppress the immune responses of the body considerably [25] .
The change of diet from hunter gatherer to agriculture with grain being introduced into the diet resulted in tooth decay, osteoporosis, and anemia, which are early signs of degeneration. These are the same findings that are noted today in children with ECC (early childhood caries) and S-ECC (severe-early childhood caries) [26] [27] [28] [29] [30] .
The available data indicates that the modern trends on caries increases start simultaneously with permanent growth intake of sucrose during the last two centuries. The hypotheses of an increase in the susceptibility of resistance diminished by genetic reasons or the installation of a particularly cariogenic flora have not been sufficiently corroborated [14, 28, 31, 32] while dietary changes seem to be the most reasonable answer. In the modern western world and increasingly in other regions of the globe approximately half of consumed calories are from carbohydrates and almost half of it is sucrose [14] .
Until recently, several populations living in isolated areas of the world kept their ancestral ways of life (for instance, many African tribes, Inuits, South American Indians, Melanesian, Polynesian) develop progressively destructive caries patterns [14] .
It is noted that over a period of thousands of years the diet changed for various reasons and degenerative diseases began. Examples of the same changes seen across the globe in a single life time of a person will be discussed. Price studied primitive and isolated people prior to the introduction of the modern diet [33] . He found that these people were fundamentally without degenerative diseases until the introduction of the modern diet.
Primitive People, Dental Caries and Degenerative Diseases
In the 1930's Price noticed that there was more decay and deteriorating faces of patients in his Cleveland dental practice [33] . He noticed crowded and misaligned teeth were becoming more prevalent. These children had facial deformities of overbites, narrowed faces, underdevelopment of the nose, lack of well-defined cheekbones and pinched nostrils.
These same children had other systemic effects in that they suffered from frequent infections, allergies, anemia, and asthma, poor -vision, lack of coordination, fatigue and behavioral problems. Many of these same or similar findings are found in the NHANES reports years' later [13] .
Instead of studying the disease(s) related to decay, Price decided that if he wanted to know about health, he should go to areas of the world where health existed and dental decay and other degenerative diseases did not exist or were in minimal amounts. He travelled for 10 years making observations and took over 15,000 photographs. He investigated 14 remote areas in the world, including: isolated Swiss villages, remote island of the coast of Scotland, studied traditional Eskimos, Indian tribes in Canada and the Florida Everglades, South sea islanders, Aborigines in Australia, Maoris in New Zealand, Peruvian and Amazonian Indians and tribesman in Africa [33] .
His observations found less than 1% of these people had decay in their permanent teeth. He found that freedom from caries always went hand in hand with freedom from chronic diseases like cancer and heart disease and infectious diseases like tuberculosis, which at the time was a world-wide epidemic [33] . Others have reported the lack of degenerative diseases, particularly cancer in isolated groups [34] .
More importantly, these people were healthy with well formed, broad faces and teeth in perfect alignment. Their bodies were wonderful in physical development [33] . The diets of the healthy "primitives" Price studied were all very different (in other words it was not so much what they ate that contributed to their health as what they did not eat).
Similar findings have been found recently in several populations living in isolated areas of the world where they kept their ancestral ways of life (e.g. many African tribes, Inuits, South American Indians, Melanesian, Polynesian, under conditions of perfect adaptation to their environments and diets [35] [36] [37] .
Bacteriological analyses of their dental plaques, although not extensive, show cariogenic species, but those individuals are still developing few or no caries. Otherwise, when those populations were acculturated or simply replaced the traditional diet for an "occidental refined diet", they started to develop progressively destructive caries patterns [14] .
Modern nutrition researchers are showing renewed interest in the foods of our ancestors, but myths about primitive diets abound. The first is easily dismissed-that traditional diets were largely vegetarian. Anthropological data confirm what Price found, namely that throughout the globe, all societies show a preference for animal foods and fats [20] . Modern scientific literature does not support the claims made for vegetarian diets [38] .
Arctic explorers reported great longevity among the Eskimo [35] Australian Aborigine communities were noted for containing a size able number of old people, who lived together as a separate group and for whom were reserved special foods that were easy to gather and hunt [39] . The diets of traditional groups noted for longevity are rich in animal fats: The people of Hunza consume large quantities of fermented goat milk products, and goats milk is higher in fat, and contains more saturated fat, than cow's milk; the inhabitants of Vilcabamba in Equator consume fatty pork and whole milk products; and the long-lived inhabitants of Soviet Georgia also eat liberally of pork and whole milk yoghurt and cheeses. In fact, a Soviet study found that longevity was greatest in rural communities where people ate the most fatty meat, compared to town dwellers who ate more carbohydrates [40, 41] .
Carbohydrates, in the form of whole grains and related seed foods, are not absent in healthy traditional diets, even in the diets of hunter-gatherers. Price found that millet and corn were consumed throughout Africa; quinoa and amaranth in South America. American Indians consumed wild rice, corn and beans; Australian Aborigines gathered a species of wild millet and consumed a large variety of legumes. One school of thought claims that grains and pulses should be avoided, arguing that they were absent from the Paleolithic diet and citing the obvious association of grains with celiac disease and studies linking grain consumption with heart disease [21, 41] .
What researchers often overlook is the fact that seed foods, e.g. grains, legumes and nuts, are prepared with great care in traditional societies, by sprouting, roasting, soaking, fermenting and sour leavening [42] . These processes neutralize substances in whole grains and other seed foods that block mineral absorption, inhibit protein digestion and irritate the lining of the digestive tract. Such processes also increase nutrient content and render seed foods more digestible.
Another food revolution that had an equally great impact on oral health occurred with the introduction of agriculture. This innovation in both technical and food, agriculture modified the diet of ancient populations by providing new foods that were rich in carbohydrates and by introducing new cooking methods, i.e. food was not often boiled instead of being roasted. These two factors alone contributed to an increased rate of dental caries, but at the same time reduced the abrasion of occlusal surfaces [33, 34] .
National Health Findings
Degenerative Diseases found in the National Health and Nutrition Examination Survey (NHANES) [34] give the data to support this notion of a spectrum of diet related degenerative diseases.
The NHANES [13] project found that the following statistics related to diet consumption: *More than 1 in 3 children and adolescents aged 6 to 19 are considered to be overweight. *More than 2 in 3 adults are considered to be overweight or obese.
*About 1 in 3 children and adolescents aged 6 to 19 are considered to be obese. Thus, overweight and obesity is seen to increase with age. *More than 1 in 3 adults are considered to be obese.
The health risks of overweight and obesity are: [39] type 2 diabetes, heart disease, high blood pressure, non-alcoholic fatty liver disease, osteoarthritis, cancers, such as, breast, colon, endometrial kidney and stroke.
It is generally thought that the above degenerative diseases are found only in adults, but autopsy studies have shown that atherosclerosis begins in adolescence in otherwise seemingly healthy individuals [43] , and imaging techniques have shown that atherosclerosis develops earlier and is more prevalent in children with diabetes than in age-matched healthy controls. Cardiovascular disease has now overtaken diabetic nephropathy as the leading cause of premature mortality in young adults with diabetes. The majority of children and adolescents with diabetes have suboptimal blood glucose control and this contributes to accelerated arterial disease in this age group [44] .
Recent findings from NHANES [13] show that there is lack of evidence that the recommended diet is useful in preventing degenerative diseases and that the population has degenerative diseases.
There is moderate evidence for the relationship between adherence to dietary guidelines/recommendations or specific dietary patterns, assessed using an index or score, and measures of body weight or obesity that, in adults, increased adherence to dietary patterns scoring high in fruits, vegetables, whole grains, legumes, unsaturated oils, and fish; low in total meat, saturated fat, cholesterol, sugar-sweetened foods and drinks, and sodium; and moderate in dairy products and alcohol is associated with more favorable outcomes related to body weight or risk of obesity, with some reports of variation based on gender, race, or body weight status.
There is moderate evidence that adherence to a dietary pattern that emphasizes vegetables, fruits, and whole grains is associated with modest benefits in preventing weight gain or promoting weight loss in adults using methods other than index/score, cluster or factor, or reduced rank regression analyses, and body weight status.
The evidence of a "good modern recommended diet" is inconclusive for preventing degenerative diseases. There does not appear to be a diet from NHANES that would prevent or reduce degenerative diseases. Could this possibly be because sugar and all its forms are not isolated in the analyses? In other words, it is not the fact that one eats a healthy diet that promotes health, it is the sugar that promotes disease.
Since 1996, a consortium formed by CDC and the National Institute of Dental and Craniofacial Research (NIDCR) has developed and implemented a plan to use the National Health and Nutrition Examination Survey (NHANES) to obtain epidemiologic estimates of dental conditions and preventive efforts. They found that: [13] *41% of children aged 2 to 11 had dental caries in primary teeth *42% of children aged 2 to 11 had dental caries in permanent teeth *90% of adults had dental caries [13] .
It appears that dental caries is preceding the development of the other degenerative diseases. It should not be surprising as they are all related to nutrition. Childhood caries could be an important marker to make changes in the diet of the individual so as to ward off further degenerative diseases or at least delay the onset.
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Caries affects nutrition dental health and general health. Children with early childhood caries (ECC) were significantly more likely to weigh less than 80% of their ideal weight, thereby satisfying one of the diagnostic criteria for failure to thrive [26] .
Similar findings were more recently found that suggests that higher levels of untreated caries are associated with poorer growth in school children [27, 28] .
Young children with ECC or S-ECC (severe-childhood caries) were very likely to be found with systemic effects showing how this spectrum of degeneration begins. They were likely: *Weigh less than 80% of their ideal weight [26] *Low in vitamin D [29] *Low in Calcium [29] *Low in albumin concentrations [29] *Low ferritin status [29] *Greater odds for iron deficiency anemia [30] Children with higher levels of untreated caries:
*poorer growth [27, 28] *Elevated BMI percentiles increased risk to general health [37] Malnourished children have been shown to have decrease physical activity and endurance, poorer cognitive function and school performance. Multiple single micronutrient deficiencies, including vitamin B12, thiamin, niacin, zinc and iron, have been associated with poorer cognitive performance. Behavioral problems, including attention deficits, have also been associated with food insufficiency and malnutrition [45] .
Conversely a healthy eating pattern geared for promotion of optimal child development and prevention of chronic disease in later life, may also reduce the risk of early childhood caries [46] .
Diet, Dental Caries and Diseases
The available data indicates that the modern trends on caries increases start simultaneously with permanent growth intake of sucrose during the last two centuries. In the modern western world and increasingly in other regions of the globe, approximately half of consumed calories are from carbohydrates and almost half of it is sucrose [14] .
WHO states that Non-Communicable Diseases (NCDs) are the leading causes of death and were responsible for 38 million (68%) of the world's deaths in 2012. Modifiable risk factors such as poor diet and physical inactivity are some of the most common causes of NCDs; they are also risk factors for obesity, an independent risk factor for many NCDs, which is also rapidly increasing globally. A high level of free sugars intake is of concern, because of its association with poor dietary quality, obesity and risk of NCDs [47] .
Three national population studies were identified that enabled comparison of dental caries levels when annual per capita free sugars intake was less the 10 kg/person/year (about 5% of total energy intake, compared with more than 10 kg/person/year but below levels of dental caries development were observed when per capita free sugars intake was less than 10 kg/person/year. Across all studies, a log-linear dose-response relationship was also observed at free sugars intakes well below 10 kg/person/year (i.e. <5% of total energy intake) [47] .
Evidence suggests that risk for early childhood caries (ECCs), the most common chronic infectious disease in childhood, is increased by specific eating behaviors, [48] which the same or similar to diets related to systemic diseases like obesity, atherosclerosis, and cardiovascular diseases in children. However, Qadri et al. found that although iso-BMI (Body Mass Index) was associated with dental caries prevalence and severity, the association between caries increment and iso-BMI did not reach a statistical significance [49] . Overweight/obese children, however, acquired more additional carious lesions during the follow-up period than children with lownormal weight. The findings [48] namely obesity, atherosclerosis and cardiovascular diseases, may occur by several mechanisms, one way is the over consumption of sugar sweetened beverages.
A cross sectional study found after control for many factors that children with the highest SSB intake (sugar sweetened beverages) were 2.0 to 4.6 times more likely to have severe ECCs compared with those with the lowest SBB intake [50] . High SBB intake can be related to over-weight, obesity, cardiovascular disease and cancer. If the liver is full of glycogen when fructose is ingested, the fructose is converted to liver fat [51] . If this becomes a chronic condition, then fatty liver disease can result [52, 53] . Fatty liver is a major risk factor for heart disease [52] . The liver metabolizes fructose to uric acid, which at low levels is a protective factor in the blood stream. However, at high levels, such as those now found, it can result in joint symptoms like gout and kidney disease [51] [52] [53] [54] [55] [56] . Uric acid impairs the effectiveness of insulin, [54] [55] [56] [57] which can lead to insulin-resistance, putting additional stress on the cardiovascular system [43] . 2. Historically dental caries and other degenerative diseases began to influence society with the introduction of grains to the diet, when the population shifted from hunter/gatherer to agriculture based diet.
3. Primitive peoples in the past were seen to be free of dental caries and degenerative diseases until the introduction of the modern diet.
4. Children with highest consumption of SBB had early childhood caries. SBB is known to be related to overweight, obesity, kidney disease, fatty liver, cardiovascular disease and cancer.
